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Summary 
The impact of wildfires on ozone concentrations in southeast Texas during August and 
September of 2000 was assessed through emission inventory development, emission inventory 
performance evaluation and air quality modeling.   
Fire emissions were estimated from acreage burned, fuel loading information and fuel 
emission factor models.  A total of 389 km2 (96,100 acres) burned in wildfires in the domain 
encompassing the Houston/Galveston-Beaumont/Port Arthur  (HGBPA) area during August and 
September 2000.  The amount of acreage burned during these two months in 2000 was 
approximately an order of magnitude greater than the amount of acreage burned in wildfires 
during previous years for which detailed emission inventory data are available (1996, 3960 acres; 
1997, 14,600 acres).  On the days of highest wildfire activity in 2000, the fires resulted in an 
estimated 3700 tons of CO emissions, 250 tons of VOC emissions, 340 tons of PM2.5, and 50 
tons of NOX emissions; estimated CO and VOC emissions from the fires exceeded light duty 
gasoline vehicle emissions in the Houston area on those days.   
When the appropriate aircraft data were available, aloft measurements of CO, mixing 
heights and wind speeds in the fire plumes were used to estimate emission rates.  Emission rates 
based on emission factors were in excellent agreement with the emission rates based on 
observations, however, both the emission estimates and the observations had uncertainty bounds 
of a factor of 2.   
The estimated emissions from fires were used, together with a gridded photochemical 
model (the Comprehensive Air Quality Model with extensions, CAMx), to characterize the 
extent of dispersion of the fire emissions and the ozone formation associated with the fire 
emissions during the summer of 2000.  Although the dispersion and photochemical impacts 
varied from fire to fire, ozone concentrations were enhanced by more than 30 ppb at some 
locations due to fires.  For large fires (>10,000 acres), air quality impacts extended over large 
areas (hundreds of square kilometers).   
The effects of fires on ozone concentrations in a future year (2007), with reduced 
anthropogenic emissions, were also estimated using CAMx.  Under conditions with reduced 
anthropogenic emissions, ozone concentrations were still enhanced by the fire emissions by up to 
about 30 ppb in some locations.  The areas experiencing 1-hour average ozone concentrations 
above 125 ppb are increased by more than 25% on some days due to the fires.  However, peak 
area-wide ozone concentrations in the 8-county Houston-Galveston region are only increased by 
up to about 1 ppb by the fires, using the base case fire inventory developed in this work.     
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Introduction 
Outdoor fires can emit substantial amounts of particular matter (PM), carbon monoxide 
(CO), non-methane hydrocarbons (NMHCs), nitrogen oxides (NOX), and ammonia (NH3) into 
the atmosphere (Sandberg, 1999).  In Texas, emissions of CO and fine particulate matter 
(particulate matter with diameters less than 2.5 µm, PM2.5) from fires account for 10% and 1–2% 
of total annual statewide emissions, respectively (Dennis et al., 2002).  On days and seasons 
when large fire events occur, these percentages can be much higher, and fires can dominate 
emissions and impact air quality over substantial areas (Liu, 2004). 
The air quality impacts of fires are often estimated based on predicted emissions.  Fire 
emission predictions are based on estimates of area burned, fuel mass burned per area and 
emissions per mass of fuel combusted.  Significant uncertainties can arise in estimating each of 
these parameters, thus the emission estimates can be uncertain.  Dennis et al. (2002) estimated 
uncertainties of approximately a factor of 2 in area burned and fuel loadings.  Additional 
uncertainties in assessing the air quality impacts of fires are due to uncertainties in emission 
factors, which depend on the nature of the combustion (smoldering versus flaming) and the 
plume rise of the fire. 
This work evaluates the uncertainties associated with estimating fire emissions by 
comparing predicted emissions to observations made during a large air quality field program, 
conducted in southeast Texas during the summer of 2000.  The estimated emissions are used to 
predict the ozone formation impacts of fires during the study period, and during future years with 




In this study, emissions from wildfires were estimated for the regional domain shown in 
Figure 1.  Wildfire emissions were estimated for the months of August and September 2000; the 
measurements to which the emission estimates will be compared were collected during the Texas 
Air Quality Study (TexAQS), which was conducted from August 15 – September 15, 2000.      
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Figure 1. Horizontal and vertical structure of the domain for the study.  Fire emissions during the 
study period were estimated for the regional domain, with special attention paid to the Houston-
Galveston, Beaumont Port Arthur (HGBPA) sub-domain. Emissions were assumed to enter a 
variety of vertical layers in an air quality model (Comprehensive Air Quality Model with 
extensions, CAMx).       
 
August and September 2000 was a period of drought and intense wildfire activity in 
southeast Texas.  As documented in the results section, during August and September of 2000 
approximately 384 km2 (95,000 acres) burned in wildfires in the HGBPA domain (the red area 
shown in Figure 1), 66% of which burned in Texas.  In contrast, in August and September of 
1996 wildfires consumed 16.0 km2 (3,960 acres), and in August and September of 1997, 59 km2 
(14,620 acres) burned in Texas (Dennis, et al., 2002).  Because of the intense drought during the 
summer of 2000, most prescribed burns that would normally occur during August and September 
 4
were delayed or not conducted (Freds, 2002, McCown, 2002; Taylor, 2002), and therefore 
wildfires dominated the fire emissions during the study period.  
The information used to estimate emissions from wildfires includes the location and date 
of the fire, the fire area, the type of vegetation burned, the density of the vegetation at the 
location of the fire, also termed the fuel loading factor (mass of fuel available per acre), the 
fraction of fuel consumed in the fire, the emission factor of the fuel (pounds of pollutant per ton 
of fuel), and the emission efficiency.  The fuel loading factor and the fraction of fuel burned 
during the fire can be combined into one parameter, the fuel consumption factor (mass of fuel 
consumed per acre); the fuel consumption factors for specific locations is then combined with 
fuel based emission factors, into a location specific composite emission factor, in units of 
emissions of pollutant per acre burned   
Wildfire activity data, including acreage burned and fire location, were collected from 
incident reports available through the National Interagency Fire Management Integrated 
Database (NIFMID), the Texas Interagency Coordination Center, the U.S. Department of 
Agriculture Forest Service (USFS), the Louisiana Interagency Coordination Center, and the 
Oklahoma Department of Agriculture, Food & Forestry.  The information provided by each of 
these data sources is described in detail elsewhere (Junquera, 2004).  All the data concerning 
individual fire incidents were integrated into a single database and duplicate reports of fires were 
identified through common parameters, such as the fire incident name and location. Only fires 
greater than 0.04 km2 (10 acres) were analyzed for duplications in this study, since most of the 
smaller fires lacked complete information in the databases. It was assumed that duplicated fires 
under 0.04 km2 would not add significantly to uncertainties in the calculation of emissions.  
Once fire locations were determined, fuel consumption was estimated for each fire 
incident.   Vegetation type and density varies significantly over the domain of the study, so the 
fuel consumption can vary significantly from fire to fire.  Relatively little information on 
vegetation type was available in the incident reports.  The type of burned vegetation was reported 
directly in the fire incident reports for only 9% of the fires in Texas and 27% of the fires in the 
regional domain, or 31% of the burned area in Texas and 29% of the burned area in the regional 
domain.  Therefore, in this work, fuel models, rather than reported types of burned vegetation, 
were used to estimate fuel loading for fires occurring on wildland and rangeland. Specifically, 
the First Order Fuel Effects Model (FOFEM), a publicly available computer model developed by 
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the Intermountain Fire Sciences Laboratory of the USFS, was used to predict fuel consumption 
(Reinhardt, et al., 1997).  The model incorporates vegetation types for the contiguous U.S., and 
default fuel loading values and consumption equations for each vegetation type (Dennis et al., 
2002).  The program, however, does not include information on the spatial distribution of these 
vegetation types.  Dennis et al. (2002) selected 15 vegetation cover codes in FOFEM version 4.0, 
which corresponded to vegetation types in the study domain, and cross-referenced them with 
vegetation types allocated onto a database of the state of Texas developed by Wiedinmyer et al. 
(2000). As a result, a land use-land cover (LULC) database with spatially resolved FOFEM 4.0 
vegetation cover types and fuel consumption factors was created for Texas.  The rest of the study 
domain was assigned fuel loading factors based on National Fire Danger Rating System 
(NFDRS) fuel models, which were developed as a method to rate wildfire danger by the USDA 
Forest Service (Burgan, 1998).   
Emissions from wildfires were calculated by projecting the daily fire information 
(location and acreage) onto a map with spatially resolved composite emission factors.  Details of 
the fuel consumption assignments have been reported by Junquera (2004) and the methods have 
been described by Dennis, et al. (2002).   
  
Ambient measurements 
A variety of ambient measurements were available to evaluate the performance of the 
emission estimates.  These included total aerosol concentrations (as characterized by aerosol 
backscatter) as a function of elevation measured by a NOAA aircraft with downward-looking 
aerosol and ozone Light Detection and Ranging (lidar), and gas phase air pollutant 
concentrations measured by a second NOAA operated aircraft.  Details of the aircraft 
measurements and operation are described elsewhere (NOAA, 2003; NCAR, 2002) and are only 
summarized here.  
In the lidar measurements, the aerosol channel was set at a wavelength of 359 nm.  The 
aircraft typically flew at an altitude of 3500 meters above middle sea level (MSL), and the 
aerosol backscatter profiles extend approximately from 2500 meters MSL to the surface with a 
vertical resolution of 15 meters and a time resolution of 10 seconds (NOAA, 2003).  The aerosol 
lidar backscatter data are not calibrated and therefore provide information about the aerosol 
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distribution in a qualitative rather than quantitative manner (NOAA, 2003).  The results are 
archived at the NOAA web site 
The National Center for Atmospheric Research (NCAR) Electra aircraft, operated by 
NOAA’s Aeronomy Laboratory, took 1-second interval measurements of various gaseous 
compounds on several days of the modeling period.  The full suite of measurements is described 
by Ryerson et al. (2003); data sets for all flights are available via 'ftp' or on magnetic tape upon 
request (NCAR, 2002).  In this work, the primary focus will be on measurements of CO.   
Measurements from all of these platforms were available for August 15 to approximately 
September 15, 2000.  Particular focus in this work will be on measurements made on August 30, 
August 31, and September 3-6.  A large fire that occurred on August 30 in Liberty Co., 80 km 
(50 miles) northeast of Houston, caused locally elevated PM and ozone concentrations, and its 
plume could have affected the Houston area on August 31.  September 3-6 was characterized by 
very high regional wildfire activity.   
 
Photochemical Modeling 
The wildfire emissions inventory was merged with an existing inventory of emissions 
from point, area, and mobile sources obtained from the Texas Commission on Environmental 
Quality (TCEQ) as part of the Houston/Galveston Air Quality Science Evaluation (TCEQ, 2004).  
The emissions and meteorological modeling data were input into the Comprehensive Air Quality 
Model with extensions (CAMx), a 3-dimensional eulerian photochemical grid model 
(ENVIRON, 2000).  The modeling domains have a horizontal resolution of 36-by-36 kilometers 
(regional domain), 12-by-12 kilometers (East Texas subdomain), 4-by-4 kilometers (HGBPA 
subdomain), or 1-by-1 kilometers (HG subdomain) (Figure 1).  The creation of the model-ready 
input files are briefly described in this section.    
CAMx includes two-way grid nesting, and a subgrid-scale Plume-in-Grid (PiG) module 
to treat the slow dispersion and the chemistry of large point source plumes. Unless the PiG 
module is turned on, emissions from each point source are instantly dispersed into an entire grid 
cell volume, given by the grid cell area and the height of the vertical layer.   
Wildfires were treated as point sources or “stacks”.  Each fire was modeled as a series of 
stacks with identical location and different heights, so that the emissions calculated for the 
wildfire would be uniformly distributed throughout the vertical rise of the plume.  The PiG 
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module was turned off for all fires, causing emissions to be instantly dispersed into each grid 
volume.  Thus, the emissions from each fire were allocated homogeneously into a volume whose 
area was given by the resolution of the grid and whose height was given by the height of the grid 
cell into which the emissions were released.  Fire emissions were released into the vertical layer 
that corresponded to the plume rise of the fire.  Thus, the emissions from each fire were allocated 
homogeneously into a volume whose area was given by the resolution of the grid and whose 
height was given by the vertical cell into which the fire emissions were injected.  The area of a 
cell in the 4-by-4 kilometer and 12-by-12 kilometer grids is equivalent to roughly 4000 acres and 
36,000 acres, respectively. Thus, emissions from fires that are smaller than the grid cell area 
were initially overdiluted in the model.    
The fire emissions inventory was preprocessed using the Urban Airshed Model (UAM) 
Emissions Preprocessor System (EPS) version 2.0.  Input into EPS2.0 includes an emissions data 
file in Aerometric Information Retrieval System (AIRS) Facility Subsystem (AFS) format (AFS 
file), a chemical split factor file (CHEMSPLIT), and a temporal split file (TMPRL).  The 
CHEMSPLIT file includes information on the chemical speciation of non-methane hydrocarbon 
(NMHC) emissions into Carbon Bond-IV (CB-IV) species.  In the CB-IV chemical mechanism, 
species with similar chemical properties are lumped into CB-IV groups that undergo the same 
chemical reactions.  In the TMPRL file, the emissions were assumed to be uniform and constant 
throughout a day for each fire incident.  For fire incidents lasting more than one day, emissions 
were allocated uniformly throughout the burning period.  Details of the chemical speciation used 
in the model are provided by Junquera (2004). 
The plume rise for the fires, which is necessary for 3-D photochemical modeling, was 
estimated based on calculations performed with FIREPLUME.  The FIREPLUME model uses 
Briggs’ two-thirds law (Brown et al., 1999), based on buoyancy effects, and employs different 
calculation strategies for stable, neutral, and unstable atmospheric conditions.   For fires smaller 
than 0.4 km2 (100 acres), a plume rise value corresponding to the top of CAMx layer 3 (170.5 
meters) was assigned.  For fires between 0.4–3.2 km2 (800 acres), and greater than 3.2 km2, 
plume rise values corresponding to the top of CAMx layers 4 (256.9 meters) and 6 (431.7 
meters), respectively, were assigned.  The rationale for these assignments is described by 
Junquera (2004).   
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Results and Discussion 
Emissions Inventory 
In August and September 2000, 518 km2 (128,000 acres) were burned in wildfires in 
Texas and 389 km2 (95,000 acres) burned in the HGBPA domain (Table 1).  In the HGBPA 
domain, 2% of the fires were larger than 3.24 km2 (800 acres) and accounted for 56% of the total 
area burned, and 74% of the fires were smaller than 0.405 km2 (100 acres) and burned only 5 
percent of the total area.  Figure 2 shows wildfire locations and acreage burned from August 22 
to September 6.  Estimated emissions of CO, NMHCs, PM2.5, and NOX in the HGBPA domain 
are shown in Figure 3.  Figure 3 also shows the daily average emissions of CO, NMHCs, and 
NOX from light duty gasoline vehicles (LDGV) in the Houston-Galveston area. Figure 3 shows 
that emissions of CO and NMHCs from fires exceeded emissions from LDGV on some days. 
The highest emissions during this period were approximately 3700 short tons/day, 250 short 
tons/day, 340 short tons/day, and 50 short tons/day for CO, NMHC, PM2.5, and NOX, 
respectively. 
 
   
Table 1:  Burned area in km2 (acres) for during the study period; September 2–8 was 
characterized by the highest wildfire intensity.    
Period Regional Domain Texas HGBPA Domain 
August & September 971 (240,000) 518 (128,000) 389 (96,100) 






Figure 2a:  Wildfires during the period from August 22–August 29, 2000.   
 






Figure 3: Emissions of CO, NMHCs, NOX, and PM2.5 from wildfires in the HGBPA domain 
during August and September 2000. Emissions of CO and NMHC from wildfires exceeded 




Comparison with aircraft data 
Aircraft measurements were used to assess the overall accuracy of the emission 
estimates.  The data best suited for this comparison were collected on September 6, in a plume 
from a multi-day fire in the McFaddin National Wildlife Refuge (NWR) that consumed 13,000 
acres.  On September 6, the McFaddin NWF fire plume was brought into the Houston area by a 
northeast wind.  Figure 4 shows the location of the fire, the flight track of the NOAA/NCAR 
Electra aircraft on September 6 and the CO measurements made by the aircraft.  Within the fire 
plume, CO concentrations of up to 490 ppbv were measured at ~500 meters above sea level 
(ASL).   
 
Figure 4:  September 
6, CO concentrations 
measured by NOAA’s 
Electra aircraft.  (a) 
CO concentrations are 
represented in 
different colors, and 
wildfires sizes are 
represented by 
different dot sizes.  
The CO plume,  from 
the McFaddin 
National Wildlife 
Refuge fire, was 
detected by the aircraft 
at approximately 11 
AM.  (b) Detail of the 
CO aircraft 
measurements with the 
fire plume boxed. 
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Background CO concentrations, or CO concentration that were not caused by the McFaddin 
NWR fire, were determined from aircraft measurements before and after the sharp CO peak, and 
ranged from 80-160 ppbv.  The background concentration values were subtracted from the 
average CO concentration in the peak caused by the fire, 350 ppbv, yielding the concentration 
caused solely by the fire.  Using an average value of the wind speed measured by the aircraft, 5.9 
m/s, the CO flux (mass/area-time) was calculated.  It was then assumed that the CO 
concentration was uniform throughout the mixing height.  The mixing height was estimated with 
HYSPLIT (http://www.arl.noaa.gov/ready/hysplit4.html) for several locations along the flight 
section that intersected the CO plume, and an average value of approximately 500 meters was 
obtained.  This value was in agreement with mixing height data estimated by Senff et al. (2002) 
for the Houston area during the early afternoon (400 – 700 meters).  Thus, 500 meters was used 
as the mixing height value.  From the mixing height, the length of the cross section of the CO 
plume due to the fire (14 km), the average CO concentration over background in the fire plume 
and the wind speed, the CO flow (mass/time) was calculated.   
The McFaddin NWR was characterized as a marshland in newspaper articles (Houston 
Chronicle, 2000a,b; Associated Press Newswires, 2000; Baton Rouge Advocate, 2000) and 
NIFMID reports.  The composite emission factor for Wet Grasslands in Texas (FOFEM 6) was 
therefore chosen to compute the burning rate (acres/time).  The burned acreage was then 
calculated for a 24-hour period.   
The fire started September 2 (NIFMID), burned out between two levees on September 4 
and 5 (Houston Chronicle, 2000a), was 95% contained by September 7 (Associated Press 
Newswires, 2000; Baton Rouge Advocate, 2000), and was completely mopped up by September 
9 (NIFMID).  From this information, the area that burned on September 6 was expected to fall 
somewhere between 4 and 20 km2/day (1,000 and 5,000 acres/day).  This estimate of acreage 
burned per day can be compared to the acreage that would be required to generate the CO 
emission rate estimated from the aircraft data (mass/time).  The burn rate required to generate the 
emission rate estimated from the aircraft data was 11–16 km2/day (2,800–3,900 acres/day), 
depending on the CO background concentration chosen.  Thus, for the McFaddin fire, estimates 
of emissions and burn rates based on aircraft measurements (11-16 km2/day burn rates) were 
 13
consistent with the emission inventory data (4-20 km2/day), but both the inventory and the 
estimates of emissions based on aircraft measurements have uncertainties of at least a factor of 2. 
It should also be noted that the NIFMID inaccurately reported the location of the 
McFaddin NWR fire, and the location was corrected based on aircraft data and newspaper 
accounts.  In the vegetation map used in this study, the vegetation type existing at the fire 
location reported by NIFMID (cropland mosaic) was different from the vegetation type at the 
true fire location (wet grasslands).  The fuel loadings, and therefore the emissions associated 
with the two vegetation types are different.  Inaccuracy in fire coordinates may be a source of 
uncertainty in the emissions inventory, since fuel loadings and emission factors can vary by up to 
a factor of about 20 depending on the type of vegetation.   
 
Downward-Looking Lidar  
Lidar measurements provide a qualitative measure of the atmospheric concentrations and 
vertical distribution of PM.  Lidar measurements made during the most intense fire period, 
September 2 to September 8, indicated much higher PM backscatter than during other days of the 
study.  As shown in Figure 5, aircraft measurements on September 3 immediately downwind of 
the McFaddin NWR fire (red rectangle in Figure 5) indicate that elevated PM concentrations 
were present throughout the mixed layer.  The fire plume was carried into the Gulf of Mexico 
and was not detected in subsequent measurements on the 3rd.  On September 6, the Lidar data 
indicate that elevated PM concentrations were observed at all elevations and throughout the 










Figure 5: (a) PM backscatter registered by the aircraft along its flight path with downward-
looking lidar instrumentation on September 3 (top) and September 6. (b) Corresponding aircraft 
trajectories and backscatter measured at 2000 meters AGL.  September 3 shows a sharp spike in 
PM backscatter (red rectangle), which was caused by the McFaddin NWR fire. The lidar 




More detailed assessments of the air quality impacts of fires can be performed using 3-D 
gridded photochemical models.  In this work, CAMx was used as the modeling tool and the 
modeling analyses examined the spatial dispersion of fire emissions, the impact of fire emissions 
on ozone formation and the effect of plume rise assumptions on the impacts of the fires.  In the 
analyses, CAMx simulations were performed both with and without the emissions from fires 
included.  The difference between these simulations characterizes the impact of the fires. 
Appendix A shows a series of difference plots (concentrations predicted by the 
simulation including fire emissions with fire emissions in the vertical layer corresponding to the 
plume rise height minus concentrations predicted by simulation without fire emissions) for CO 
and ozone.  The Appendix shows, for each hour of the modeled episode, the difference in CO 
and ozone concentrations.  Figure 6 shows one of these hours, 2 PM on September 6.  CO is 
shown because, as a slow-reacting species, it characterizes the dispersion of the fire emissions.  
Ozone is shown since the fire emissions are ozone precursors.  Ozone concentrations are 
enhanced by up to 15 ppb because of fire emissions on September 6.  As shown in the Appendix, 
on some other days (e.g., September 3 and 4), ozone concentrations were enhanced by more than 
30 ppb.  On September 6, some of the greatest ozone enhancements occur over heavily populated 
regions of Harris County.    
 
Figure 6:  Difference plots (concentrations predicted by the simulation including fire emissions with fire 
emissions distributed through all vertical layers up to the plume rise height – concentrations predicted by 
simulation without fire emissions) for CO and ozone.  The figures show, for September 6 at 2PM, the 
differences in CO and ozone concentrations due to fires.  Similar difference plots, for the entire August 
22-September 6 episode, are given in the Appendix.   
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These simulations may have been influenced by assumptions made about the vertical distribution 
of fire emissions.  Therefore, the sensitivity of the model-predicted concentrations to the vertical 
distribution of fire emissions was assessed by performing photochemical modeling runs in which 
all the emissions were evenly distributed between the top of the plume and the ground, instead of 
being allocated into the vertical layer corresponding to the fire plume rise (elevated release).  
Figure 7 shows the impact of the fires on September 6 under the two sets of assumptions.   
 
 
Figure 7a: Difference plots (concentrations predicted by the simulation including fire emissions – 
concentrations predicted by simulation without fire emissions) for CO and ozone (September 6, 
2000). Emissions from fires were allocated into the top-most vertical layer of the plume rise.                 
 
Figure 7b: Difference plots (concentrations predicted by the simulation including fire emissions 
– concentrations predicted by simulation without fire emissions) for and ozone (September 6, 
2000). Emissions from fires were allocated into all layers from the ground to the plume rise 
height    
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The general features of the ozone and CO enhancement due to the fires are quite similar for the 
two scenarios shown in Figure 7.  The ground level impacts are slightly higher in the case where 
emissions are distributed uniformly throughout the plume rise, but the difference is relatively 
small.  Similar comparisons for all hours of the episode are available in the Appendix. 
 
 
Modeled impacts of fire emissions in future years 
As emission reductions from anthropogenic sources take place in the Houston-Galveston 
area, it might be anticipated that fires could have a smaller impact on regional ozone 
concentrations, since some ozone formation may be caused by the interaction of wildfire and 
anthropogenic emissions.  To investigate this hypothesis, simulations were performed using a 
simulated 2007 scenario (this emission scenario represents the proposed control strategy for the 
Houston-Galveston area prepared by the Texas Commission on Environmental Quality).  The 
future year simulation was performed with and without fire emissions.  The difference between 
these simulations characterizes the impact of the fires. 
Appendix C shows a series of difference plots (concentrations predicted by simulation 
without fire emissions - concentrations predicted by the future case simulation including fire 
emissions with all emissions occurring at the elevated vertical layer associated with the plume 
rise) for CO and ozone.  The Appendix shows, for each hour of the modeled episode, the 
difference in CO and ozone concentrations.  Figure 8 shows data for 2 PM on September 6 (the 
same time and date as shown in Figures 6 and 7).   
Ozone concentrations are still enhanced by the fire emissions by up to about 15 ppb on 
September 6 (approximately the same results as shown in Figure 6).  As shown in the Appendix, 
on the days that showed some of the largest ozone impacts from fires (e.g., September 3 and 4), 




Figure 8:  Difference plots (concentrations predicted by the simulation including elevated fire 
emissions - concentrations predicted by simulation without fire emissions) for CO and ozone for 
a future year episode with anthropogenic emission controls.  The figures show, for September 6 
at 2 PM, the differences in CO and ozone concentrations due to fires.  Similar difference plots, 
for the entire August 22-September 6 episode, are given in the Appendix. 
 
The effects of the fires on air quality metrics relevant to demonstrating attainment with the 
National Ambient Air Quality Standards for ozone are shown in Table 2.  Four metrics relevant 
to ozone are presented, based on the work of Durrenberger et al. (1999).  The four metrics, 
described below, included maximum 1-hour averaged ozone concentration in the eight-county 
Houston-Galveston area, total geographic area exceeding a threshold 1-hour average ozone 
concentration of 125 ppbv, time-integrated geographic area of exceedance above a threshold 125 
ppb 1-hour average ozone concentration, and total daily population exposure: 
 
1. Maximum 1-hour ozone concentration 
{ }hghg cM ,,8max max=  
where 
=hgc ,  Modeled ozone concentration (in ppb) in grid cell g at hour h. 
This metric was calculated by examining all grid cells in the Houston-Galveston area during each 
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hg ,δ ={ 1,gδ , 2,gδ , 3,gδ …. 24,gδ } 
This metric was calculated by examining each ground level grid cell in the Houston-Galveston 
area and determining if, at any time of day, the 1-hour averaged ozone concentration exceeded 
the threshold concentration of 125 ppb.  If at any time during the day, a grid cell exceeded the 
threshold concentration, the value of { }hgga ,max δ  was set equal to the area of the cell, 
otherwise, { }hgga ,max δ  had a value of zero.  The quantity { }hgga ,max δ  was then summed over 
all cells.  This metric considered the spatial extent of exceedance, but did not depend on the 
magnitude of the concentration over the threshold, the length of time of exceedance, or the time 
of day of the exceedance. 
 























This metric was calculated by examining 1-hour averaged ozone concentrations in each grid cell 
in the Houston-Galveston area for each hour of each episode day and determining if the cells 
exceeded the threshold 1-hour averaged ozone concentration of 125 ppb. The areas of all cells 
exceeding the threshold were then summed for each hour. The areas for each hour were then 
summed over the day. This metric considered both the temporal extent and spatial extent of the 
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exceedance, but did not depend on the extent to which the ozone concentration exceeded the 
threshold. 
 























pg = Population density in each grid cell. The population data were obtained from block level 
1990 U.S. Census data, (http://factfinder.census.gov, 2003) that was gridded with ArcGIS 
software at the same resolution as the model output (4 km x 4km).  This metric is calculated, for 
each grid cell, by multiplying the population density by the ozone concentration over the 
threshold (shown here as 125 ppb). The sum is taken over the total area of the eight counties, and 
then summed over hours. Mpop is an overall measure of total daily ozone exposure over the 
threshold within the area of interest. It is responsive to temporal and spatial extent of ozone 
exceedances, as well as exposure level. 
 Table 2 shows that eliminating the fires from the simulations reduced peak ozone 
concentrations in the 8-county Houston-Galveston non-attainment area by, at most, 
approximately 1% (approximately 1 ppb).  However, metrics related to the area exceeding the 




Emissions from wildfires can have a significant impact on regional air quality.  This work 
assessed the accuracy of wildfire emission estimation tools and used air quality models to assess 
the spatial distribution of the air quality impacts of fires in southeast Texas.  Comparison of 
aircraft measurements and emission estimates demonstrated that, within the uncertainty limits of 
the tools, emission estimates are accurate. The modeling demonstrated that ozone concentrations 




Table 2  Impacts of fires on measures of air quality  
a. Base Year (2000) Case with no fires; metrics with thresholds calculated with a threshold of 125 ppb 
 
b. Base year (2000) case with elevated fire emissions; metrics with thresholds calculated with a threshold of 125 ppb; note that this inventory, used by the 
TCEQ in air quality modeling for the Houston area has at least one fire mislocated; but the mislocation has only a small effect 
 
c. Base year (2000) case with elevated fire emissions; metrics with thresholds calculated with a threshold of 125 ppb; this inventory has the fire with the 
incorrect location corrected  
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d.   Base year (2000) case with uniformly distributed fire emissions; metrics with thresholds calculated with a threshold of 125 ppb; this inventory has the 
fire with the incorrect location corrected 
 
e. Future year (2007) Case with no fires; metrics with thresholds calculated with a threshold of 125 ppb  
 
f. Future year (2007) case with elevated fire emissions; metrics with thresholds calculated with a threshold of 125 ppb; note that this inventory, used by the 
TCEQ in air quality modeling for the Houston area has at least one fire mislocated; but the mislocation has only a small effect 
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g. Future year (2007) case with elevated fire emissions; metrics with thresholds calculated with a threshold of 125 ppb; this inventory has the fire with the 
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